We measured the internal diameters of small muscular pulmonary arteries in the right and left lower lobes of lungs rapidly frozen in the anesthetized, open-thorax cat. In every cat the right lower lobe was ventilated with the test gas and all other lobes were ventilated with O 2 . In 4 cats, the test gas supplied to the right lower lobe was also O 2 (control experiments); in 6, it was 100% 426
N 2 and in 6 it was 90% N 2 -10% CO 2 . In the 4 controls, there was no difference between the internal diameters of corresponding arteries in the right and left lower lobes. In the other 12 cats, there was a highly significant decrease in the diameter of arteries in the right lower lobe that correlated well with a large decrease in blood flow to that lobe, calculated using a shunt equation. Ventilation of the right lower lobe with 10% CO 2 in air (4 cats) did not affect the diameter of arteries and ligation of the pulmonary artery to the right lower lobe resulted in only a slight decrease in arterial dimensions in 3 of 4 cats.
These data show that in regional alveolar hypoxia without systemic hypoxia the muscular pulmonary arteries of the terminal respiratory units in the hypoxic region actively constrict. The constriction occurs with or without alveolar hypercapnia.
ADDITIONAL KEY WORDS altitude carbon dioxide lung oxygen pulmonary artery pulmonary circulation respiration local regulation of pulmonary circulation pulmonary vasoconstriction hypoxia hypercapnia pulmonary artery occlusion anesthetized cats • Most investigators now agree that reduced partial pressure of oxygen in alveolar air leads to an acute increase in pulmonary vascular resistance in several species of mammal, including man. 1 -2 The vasoconstriction occurs both when decreased oxygen is not associated with increased carbon dioxide concentration, as at high altitude, 8 and when the two occur together, as during hypoventilation at sea level. 4 The most recent evidence indicates a positive correlation between the vasoconstrictor response and the presence of Dr. Kato was a Trainee of the National Heart Institute.
Accepted for publication April 11, 1966. both alveolar hypoxia and mixed venous blood (tissue) acidosis. 5 A constrictor response can be mediated entirely within the lung, for it can be induced in isolated perfused lungs. 6 ' 7i 8 In intact animals, when one lung breathes air low in oxygen but systemic hypoxia is prevented by having the other lung breathe a mixture rich in oxygen, the constriction is confined to the hypoxic lung. 9 ' 10 As to the location of the change in resistance, the major pulmonary vascular resistance normally 11 ' 12 and during alveolar hypoxia is in vessels beyond the tip of any catheter. 8 ' 18 The control site must be somewhere in the small muscular pulmonary arteries, 14 " 18 the capillaries 17 or small veins. 13 ' 18~21 All of these vessels are exposed to the gas composition of the alveoli they supply. 22 In man, cat, and dog, at least, these vessels are not fed by the bronchial artery, 28 but obtain their nutrition from luminal blood or from the surrounding gas. Alveolar gas can readily penetrate the walls of the vessels, 24 " 28 and changes in oxygen tension of alveolar gas are more effective in altering vascular resistance than are changes in the oxygen tension of mixed venous blood. 8 ' 27> 28 Our working hypothesis was that the perfusion of each terminal respiratory unit 22 is most readily controlled by the single small muscular pulmonary artery that closely accompanies its airway and is exposed to the alveolar gas of the unit. In these experiments we have applied the method of rapid freezing of living lung 29 to obtain direct evidence for one major site of active pulmonary vasoconstrictdon during regional intrapulmonary hypoxia with and without hypercapnia. We measured the internal diameters of the small muscular pulmonary arteries at the level of the terminal or respiratory bronchioles: the results indicate that active constriction of these vessels occurs and is sufficient to explain the changes in flow distribution observed.
Methods
We anesthetized cats (2.5-4.8 kg) with sodium pentobarbital (30 mg/kg) and gave scopolamine hydrobromide (0.13 mg subcutaneously) to decrease airway secretions. We made a tracheotomy and inserted a concentric, dual-lumen cannula into the trachea ( fig. 1 ). The center cannula extended into the right lower lobe main bronchus and supplied gas to that lobe; the outer cannula (5 mm i.d.) supplied gas to the rest of the lung. The center cannula was a 12-gauge stainless steel tube (2.8 mm o.d., 2.2 mm i.d.), 24 cm long, slightly bent 4 cm from the distal end, with a polyvinyl sleeve at the tip to help hold it in its final position. We then paralyzed the cats with gallamine triethiodide (20 mg iv), established positive pressure ventilation, split the sternum to open the thorax, and spread wide the rib cage while being careful to stop the escape of blood. We carefully dissected die bronchus and the hilum of the right lower lobe free of the lobar vessels, advanced the center cannula to the hilum and tied it in place, thereby interrupting the bronchial circulation and innervation of the lobe. During surgery the lungs were covered with gauze sponges wet with warm saline.
The right lower lobe, about 22% of the lung, 80 could now be ventilated with a hypoxic gas mixture without inducing systemic hypoxia if the remainder of the lung was ventilated with oxygen. 
TO REST OF LUNG

FIGURE 1
Schema of dual concentric cannula system for ventilating the right lower lobe (RLL) separately from the rest of the lung. Note that the azygous lobe (AL) is not included with RLL. All lobes except RLL were ventilated with 100% O t .
We controlled the pressure of ventilation rather than the volume because of the disparity of size between lung and lobe, and because there is less chance of changing the internal structure of the lung during freezing if the pressure is constant. Ventilating gases came from large compressed-gas cylinders through two-stage reducing valves. Inspiratory and expiratory pressures were regulated by adjustable water seals. We ventilated both lung and lobe by an occlusive pump that compressed the expiratory pressure lines 8-12 times per minute-ample time for alveolar pressures to equilibrate with the pressures in the source line. Strain gauges (Statham P23B and PM 131TC) connected to a Grass direct-writing polygraph recorded airway pressures continuously from the upper end of both cannulas. We adjusted pressures in lung and lobe to be as close to one another as possible. A Beckman Microcell Infrared CO 2 analyzer, also recording continuously on the polygraph, measured end-tidal CO 2 concentration in the main lung airway.
After the cannulas were in place, we ventilated both lung and lobe with 1001 O 2 for 10 minutes, inflated the lungs slowly and deeply (+ 30 cm H 2 O) to remove all compression atelectasis, carefully adjusted airway pressures, and watched both lower lobes for evidence of injury or impaired ventilation or circulation. In several animals we saw signs of inadequate ventilation (obstruction of cannula) or uneven or darkened surface coloration; these we discarded. The time from completion of lobe cannulation to freezing of the lungs was less than 30 minutes.
We placed one polyethylene catheter in a femoral artery to draw samples of arterial blood and to continuously record pressure via a strain gauge (Statham P23AC), and another in the main pulmonary artery through an 18-gauge needle trocar through the outflow tract of the right ventricle. We sewed the ventricular catheter in place and, except for transient bleeding and arrhythmia during insertion, noted no persistent effects. The catheter recorded pulmonary artery pressure continuously via a strain gauge (Statham PR23-6G). connected to the polygraph, and was used to obtain samples of mixed venous blood.
We took bubble-free samples of arterial and mixed venous blood during the control and experimental periods and immediately measured Po 9 , Pco 2 , and pH on electrodes at 37°C, corrected to the animal's deep rectal temperature. The total amount of blood drawn for these determinations was about 15 ml, including that used to determine total hemoglobin concentration by the standard cyanmethemoglobin method. We obtained percent oxyhemoglobin saturation from the Po 2 , using a standard oxyhemoglobin equilibrium curve for cat blood, 81 and corrected for pH: 82 We used standard commercial gas mixtures. After the first 10-minute period, when all of the lung received 100% O 2 , the right lower lobe breathed 99.5$ O 2 , 99.8% N 2 , 90$ N 2 -10% CO 2) or 10% CO 2 in air for 5 minutes; the rest of the lung always breathed 99.5% O 2 . The choice of gas for each cat was randomized.
After we completed the physiologic measurements, we froze the right and left lower lobes at end inspiration by inundating both lungs with liquid propane (-180°C) continuously for 2 minutes. We rapidly resected the lobes and stored the pieces in liquid nitrogen. Later we transferred them to a cryostat (Cambridge Refrigeration Co., Cambridge, Mass.) at -30°C. We cut two symmetrical blocks from each lobeone wedge-shaped from the lateral and diaphragmatic side (including the costophrenic angle) and one rectangular from the upper lateral surface. We immersed the blocks in anhydrous fixative (Carney's solution saturated with mercuric chloride) at -40°C and fixed them for 4 weeks in a dry-ice chest ( -4 0°C ) .
We embedded the blocks in 30% nitrocellulose (Randolph Products Co., Carlstadt, New Jersey) and cut them on a Reichert sliding microtome.
We alternated thick (200 fi) and thin (10 ft) serial sections. The sections were perpendicular to the pleural surfaces in the wedge block and parallel to the single pleural surface in the rectangular block. The sections were stained with chromotrope 2R and fast green by Crossman's method. 33 In the thick sections we located 20 terminal and respiratory bronchioles and their associated small muscular arteries ( fig. 2 ). These same structures were marked on the thin sections and photographed at 10 X magnification (controlled by photographed stage micrometer) and the smallest internal diameter of the airway and pulmonary artery measured on die large projected image. Since in our experience the true cross-section of the small arteries is circular, and since the arteries were sectioned randomly, we accepted the smallest diameter as the true diameter. We counted a random sample of vessels and avoided choosing more than one bronchiole that branched from the same parent airway." We calculated the average diameter and standard deviation of each set of airways and vessels from the control and experimental lobes and compared each pair statistically, using the one-tailed t-test. We chose a P value of < 0.01 as being clearly significant.
FIGURE 2
Fixed, frozen section of cat lung, showing terminal bronchiole (TB) and its associated pulmonary artery (PA) as they appear in our thin sections. Note how the artery and airways are completely surrounded by alveolar ah spaces. Generally these alveolar spaces are part of the same terminal respiratory unit that the bronchiole and artery are suppyling. Vessels that appear on sagittal section such as the one seen above the artery were not included in measurements because we could not be certain they contained a proper diameter. The black spot below the airway is a marker we used in the counting procedure. This picture is from a control lung and thus represents normal appearance of bronchiole and oessel.
Four animals were prepared as described, but we ligated the main artery to the intubated lobe while both the control and experimental lobe breathed 99.5% O 2 . These lobes were frozen, sectioned, and examined in the same way as those in the other experiments.
CALCULATIONS
We used the shunt equation 33 " to calculate the shuntlike effect during the control period and during the experimental period when 99.8% N?> or 90% N 2 -10% CO 2 ventilated the lobe. We assumed that the oxygen content of the pulmonary vein draining the hypoxic lobe was equal to that of mixed venous blood. Subtracting the shunt value during the control period from that in the experimental period (AQs), we obtained the percent flow through the hypoxic lobe. Assuming that normal flow in the cat would be proportional to lung weight, 34 we calculated the lobe flow as a percent of normal (22%), using the equation lobe xioo For example, if the shunt during the control period was 4% and during the experimental period was 15%, then 11% is the flow through the hypoxic lobe (about half of control flow).
This calculation must be a maximal value for lobe flow because,we would expect the blood in the isolated lobe to have given up some of its oxygen as it passed through the capillaries. Thus, the actual residual lobe flow in the lobe is less than our calculation (see Appendix).
Results
OXYGEN (CONTROL)
The major cardiorespiratory data for 4 control animals in which all lobes were ventilated with 99.5% O 2 are given in table 1; measurements of the diameters of bronchioles and their associated small muscular arteries are given in table 2. A scattergram of individual measurements of animal no. 4 is shown in figure 3A .
The pressures in the systemic and pulmonary arteries decreased slightly during the experiment. The PTP values in the control and experimental lobes were within the tidal range and were within 0. 
the open thorax, the calculated shunt was low (4-535 of cardiac output). The color hue and intensity of the right and of the left lower lobes were indistinguishable. In 3 animals there was no difference between the size of the bronchioles in the experimental lobe (e) and in the control lobe (c), although on the average this dimension was slightly reduced in the experimental lobe (average e/c = 0.95). The pulmonary artery diameters showed no significant difference between lobe and lung. In two animals, the pulmonary arteries in the experimental lobe were larger than in the control lobe (e/c = 1.07). The scatter of dimensions as in figure  3A shows that there was a fair correlation between the size of the bronchiole and its associated artery. The artery is about half the diameter of the airway.
HYP0XIA
The major cardiorespiratory data for 6 animals in which the experimental lobe was ventilated with nitrogen are given in table 1 and measurements of bronchioles and their associated small muscular arteries are given in table 2. A scattergram of individual measurements of animal 6 is shown in figure 3B .
The systemic and pulmonary artery pressures usually showed a slight downward drift, as in the controls. There is no indication of pulmonary hypertension developing when just one lobe became hypoxic. The PTP of lobe and lung were within the tidal range and closely matched except in animal no. 5 during deflation. Control period shunt flows were 3-5%. The increase in shunt flow during lobar hypoxia ranged from 6 to 14$, giving calculated lobe flows of 27-64$ of normal.
We saw the right lower lobe change color over several breaths after switching to nitrogen ventilation. The lobe ultimately became very purplish. It did not appear congested (as judged by color intensity). On frozen section the hypoxic lobe's vessels all contained deoxygenated blood as judged by hue, whereas the hyperoxic lobe's large arteries contained venous blood but the veins and small arteries contained bright red blood. 24 We traced the large arteries and veins in some of the lobes but did not find any evidence of occlusive constriction.
In 3 animals the bronchiole diameters in the hypoxic lobe were significantly smaller than in the control side, but the group average showed only a slight difference (e/c = 0.96). The pulmonary artery measurements all showed reduced internal diameters in the hypoxic lobe. These differences are significant in 5 and borderline in 1. The group average showed a highly significant decrease in size in the hypoxic lobe (e/c = 0.68). The scatter of sizes in figure 3B suggests that nearly all the vessels of the type measured are affected.
HYPOXIA AND HYPEJtCAPNIA
The major cardiorespiratory data for 6 animals in which the experimental lobe was ventilated with 90? nitrogen and 10% carbon dioxide are given in table 1 and measurements of bronchioles and their associated small muscular pulmonary arteries are given in table 2. A scattergram of individual measurements of animal no. 11 is shown in figure 3C .
The systemic and pulmonary artery pressures did not show the downward trend seen in the controls and in the hypoxia-alone series. Arterial pH was reduced especially in these animals with the greatest fall in Pao 2 indicating the least effective flow shift. See Appendix for pH and P02 of lobar ruin blood. The PTP of the experimental lobe and the control lung were closely matched except in animal no. 15 (inflation) and no. 16 . The pressures were within the tidal range although in animal no. 15 inflation pressure was higher than usual. Control period shunt flow was 3-4%. The change in shunt flow during lobar hypoxia and hypercapnia ranged from 1-13% giving calculated lobe flows of 5-55% of normal. The gross appearance of the lobe and lungs was the same as with hypoxia alone. We traced out the large arteries and veins in some of the lobes. There was no sign of occlusive constriction.
In 1 animal the bronchiole diameters in the hypoxic-hypercapneic lobe were significantly smaller than on the control side and in 1 animal were significantly larger. The group average showed no significant difference (e/c = 0.96). The pulmonary artery measurements all showed reduced internal diameters in the experimental lobe. These differences are highly significant in every animal. The group e/c = 0.63. The scatter of sizes in figure 3C again suggests that nearly all of the vessels sampled were affected.
HYPERCAPNIA
The major cardiorespiratory data for 4 animals receiving 10% CO 2 in air are shown in table 1 and measurements of bronchioles and their associated small muscular pulmonary arteries are shown in table 2. A scattergram of individual measurements in animal no. 18 is shown in figure 3D .
Systemic and pulmonary artery pressures did not show a downward trend. Arterial pH was reduced. The PTP were within the tidal range and closely matched. Control period shunt flow was 3-4%. We did not attempt to calculate lobar flow during 10% CO2 ventilation since the lobe was ventilated with air.
The gross appearance of the lobe and lungs was the same as in the control series. The
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added CO 2 did not visibly affect lung color hue or intensity. There were no measured differences in bronchiole internal diameters in the hypercapneic lobe compared to the control lung. The group e/c = 1.02. The pulmonary artery measurements did not show any significant changes in the experimental lobe although 1 showed a borderline decrease and one a borderline increase. The group e/c = 1.00. The scatter of sizes in figure 3D shows the lack of response in all vessels measured.
PULMONARY ARTERY LIGATION
Measurements of bronchioles and their associated small muscular arteries are shown in table 2. Cardiorespiratory data are not listed but were similar to the control group. One important difference was a marked decrease in expired CO 2 from the lobe to levels below 0.5%.
The lobe became slightly to moderately pale during the first minute after the artery was ligated. The diameters of the bronchioles were significantly decreased in the lobe as compared to the control lung in 3 of 4 animals. The group e/c = 0.77. The pulmonary artery diameters of the experimental lobe were increased in one and decreased in three, but not significantly. The group average showed no significant change (e/c = 0.97).
Discussion
The method had four major problems: (1) the sensitivity of the sample size to distinguish changes in artery diameter, (2) the selection of pulmonary arteries of comparable type, (3) the randomness of the samples, and (4) the influence of the trauma of preparing the animal.
1. Sensitivity. Given the standard deviation of our samples (range 7-35%; average 25%), we can, with samples of 20 each, detect differences of 20% (on the average) between means at the 1% level of statistical significance.
2. Selection of Arteries. The problem of selecting arteries of comparable type was solved by choosing those vessels accompanying terminal or respiratory bronchioles. These bronchioles are easy to define and to see in thick sections of inflated lung and can be traced from alveolar ducts to respiratory bronchioles to terminal bronchioles. In the lower lobes of the cat lung, respiratory bronchioles are very short and differ from terminal bronchioles only by having a few small alveoli. The last three branching orders of purely conducting airways are usually considered together as terminal bronchioles. 88 Our choice was nearly always the final order. In our study, we preferred terminal bronchioles to respiratory bronchioles, so the majority of airways in any sample are finalorder terminal bronchioles. The method of selecting pulmonary vessels by fixed landmarks has been discussed by others. 88 Unfortunately, it applies only to the pulmonary arterial system and for that reason we did not measure the pulmonary veins. The arteries we chose are an example of a type, namely, those vessels termed muscular pulmonary arteries that are at the terminal respiratory unit level surrounded by the alveolar gas of the unit they supply and without vasa vasorum from the bronchial artery.
3. Randomness of Selection. We chose two different zones from each lobe and sectioned the specimens in two different planes to insure that the samples would be representative. All bronchioles selected were within 0.5 cm of the pleural surface, most were within 0.3 cm. This bias in selection was made necessary by the rate of freezing 29 but was offset by the fact that a large fraction of the cat lung is within 0.5 cm of the surface and we are comparing differences within this region. The criteria for selecting the 20 airways and vessels were such that in the total sample [20 sections X 0.02 cm thick per section X 1 cm 2 area (approximately)] of 0.5 cm 8 almost all different bronchioles (1 each from a family of branching terminal bronchioles) had to be included. Thus, biased selection was not a problem.
4. Trauma. The four control experiments ( fig. 4) show that the operative procedures, including the intubation of the experimental lobe, did not significantly affect the dimensions of the arteries.
EFFECTS OF PULMONARY ARTERY LIGATION
We conclude that completely obstructing the main pulmonary artery to a lobe does not significantly alter the dimensions of the small arteries ( fig. 4, ligation) . In 3 animals, vascular internal diameter seemed to decrease, but at the 1% level of significance for each experiment and the group as a whole there was no effect. The slight effect attributable to a passive decrease in the transmural pressure of these vessels is probably due to their being tied directly into the connective tissue of the terminal respiratory units, and therefore are controlled principally by lung volume when there is little or no active constrictor tone. In addition, the vessels are open to pulmonary venous pressure. In several of the experiments in which we induced hypoxia and hypercapnia, we examined the larger vessels accompanying the cartilagenous bronchi of the frozen lobe. In no instance did we see complete obstruction nor did we find the vessels to be more constricted than those in the control lobe. This evidence, although subjective, agrees with evidence others have obtained through catheterization that the pressure does not decrease in the large pulmonary vessels either normally or in hypoxia. 8 ' n~13 Our findings do not necessarily conflict with the pulmonary volume changes during hypoxia reported by Sackner and DuBois. 87 The whole animal was hypoxic in their experiments, so additional central reflex effects may have come into play; also, changes of volume are not necessarily synonymous with changes of resistance. On the basis of our results with pulmonary artery occlusion, we can state with a high degree of certainty that any changes found in the small arteries are the result of local active constriction.
EFFECTS OF CO, ALONE
The results of hypercapnia (10? CO 2 ) alone ( fig. 4) show that this level of tissue acidosis had no demonstrable effect on the small arteries when alveolar Po 2 was relatively high. The literature is contradictory on the effects of increased alveolar CO 2 on pulmonary vascular resistance. Some report increases in resistance, 6 ' 7 but most have failed to note such effects. 10 ' 38 There is indirect evidence 89 that breathing increased CO2 leads to increased pulmonary capillary blood volume, suggesting that any effect that did occur would be in the pulmonary veins. Since we did not measure the veins our results cannot identify them as a possible site of action. In summary, over a short time (10 min) moderate alveolar hypercapnia to a lobe of the lung does not measurably affect the small muscular pulmonary arteries. cant active constriction of the small muscular pulmonary arteries. Admittedly, the levels of hypoxia we used were extreme ones, but other workers 8 have shown that graded hypoxia leads to graded pulmonary vascular resistance changes. Because our sampling method would not readily show constrictor responses less than 20%, we felt it necessary to choose the extreme hypoxic condition. We seemed to have overdone a good thing, however, since the hypoxic response alone was so marked that the addition of CO 2 did not show a statistically greater constrictor effect, although there is a trend in that direction. Enson and co-workers 5 have shown a good positive interaction between acidosis and hypoxia. This interaction has also been found in the newbom. 40 Our results are compatible with Enson's although they cannot be taken as confirming it. If we extrapolate their data to the condition of extreme alveolar hypoxia the effect of added acidosis of moderate degree would be masked. Since hypoxia alone did not constrict the arteries in our experiments we think it is most useful to place the primary control of the constrictor response on oxygen lack as modified by local tissue hydrogen ion concentration.
EFFECTS OF HYPOXIA
CORRELATION OF STRUCTURE AND FUNCTION
An important question is whether the changes in the caliber of muscular pulmonary arteries are sufficient to explain the observed changes in blood flow to the lobe. In view of our rather crude estimate of lobe flow from the shunt equation we cannot pursue this argument too far, but figure 5 does reveal a correlation between lobe flow expressed as a percent of the control and the fourth power of the average diameter of the arteries in the experimental lobe expressed as a fraction of the fourth power of that in the control lobe (PAeVPXc 4 ). The standard correlation coefficient = +0.59, rank correlation coefficient = + 0.64 (p = 0.02). This application of Poiseuille's equation to pulsatile flow in the pulmonary vascular bed may seem farfetched but, since other variables are nearly constant, the change in vascular diameter probably fits the fourth power rule reasonably well. 41 In figure 5 we have plotted the theoretical line of lobe flow from the vessel diameter ratios and the fact that only 22% of the lung vessels are in the hypoxic lobe. Theoretical calculations and the correlation in figure 5 permit us to make two points. First, the smaller the volume of lung involved by hypoxic vasoconstriction the less is the constriction necessary to divert blood away from that zone (assuming constant total flow). Thus, in localized regional hypoventilation the fact that the lung has so many parallel circuits means that the slightest constriction of the afferent artery to the region would divert flow to other areas. For example, if 5% of the lung became hypoventilated so that the resistance vessels in that portion constricted by 10% (FAV/FAV = 0.66) then flow through that region would be reduced by 33% with only 1% increase in driving pressure. On the other hand, if resistance vessels in half of the lung were constricted by 10%, flow through that portion would be reduced by only 20% and driving pressure would increase by 20%, and if the entire lung were hypoxic, flow would not be reduced at all although driving pressure would be increased.
The second point to be made from figure 5 is that within the limits of our determination of flow we can successfully account for nearly all of the theoretical flow change by constriction of the small muscular pulmonary arteries, of which those at the terminal bronchiole level serve as the example. Actually, our points fall above but parallel to the theoretical maximum shift in flow partly because we consistently underestimated the flow reduction (see Appendix). We infer from the data that nearly all of the change in resistance is in the small muscular arteries. This agrees with histologic evidence obtained from lungs of people born and living at high altitude 42 and newborn infants with chronic hypoxemia associated with hyaline membrane disease, pneumonia, or hypoventilation. 48 We further infer that normally, when alveolar pressure is less than pulmonary artery pressure, the major site of pulmonary vascular resistance is in these same vessels.
The variable degree of bronchoconstriction found in some of the experiments does not appear to have had any effect on the pulmonary artery dimensions. Reduced alveolar Pco 2 would explain the marked bronchoconstriction in 3 of 4 of the animals with pulmonary artery ligation and in 3 of 6 animals ventilated with nitrogen. 44 By keeping the respiratory rate low (5 sec or more per breadi) we believe we have avoided any effects of increased airway resistance. We carefully observed the lung and lobe and discarded all experiments in which the intubated lobe did not expand or move as well as the control lobe. Since we measured only pressure, there is the possibility that significant changes in lung volume could occur if lobe compliance Po.
So,
Pco. However, in an earlier study in which we used constant volume inflation we found the same dimensional changes in the small muscular pulmonary arteries during hypoxia. 45 The results of this study show active constriction of small muscular pulmonary arteries, but do not rule out changes in other portions of the vascular bed. Strictly speaking, our results apply only to regional hypoxia and not to whole lung hypoxia in which other factors (reflexes, heart failure) may play important roles. However, it is difficult to imagine why essentially different mechanisms would be invoked for the primary vasoconstrictor effect.
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lobe instead of the right and placed a small polyethylene catheter through the left atrial wall and advanced it about 1 cm into the pulmonary vein draining the lobe. The reason we changed to the left lower lobe was to facilitate placement of the catheter in the pulmonary vein. After 5 minutes of constant ventilation with each gas mixture we obtained bubble-free blood samples from the pulmonary artery, lobar vein, and femoral artery. The samples were drawn and measured within one minute for pH, Po 2 , and Pco 2 . An additional sample was taken for determination of total hemoglobin concentration. Each experiment consisted of controls during oxygen breathing before and after pure hypoxia and 10% CO 2 in nitrogen. Oxyhemoglobin satura-tion was corrected for pH as described in methods section of the main paper. Table 3 lists the raw data we obtained in each experiment and the corrected saturation as calculated. In every experiment the Po 2 and saturation of blood from the pulmonary vein was much less than in the mixed venous blood, indicating that oxygen had been unloaded during a single trip through the pulmonary capillaries. The effect was greatest when saturation of mixed venous blood was highest (as in cat B) and least when the saturation was lowest (as in cat C). The effect occurs regardless of whether Pco 2 in increasing or decreasing. Table 4 lists the calculated shuntlike effects for each gas mixture and the apparent change in lobar blood flow. In every instance the lobar flow is less if pulmonary vein oxygen content is used in the shunt equation. The amount of correction varies from 2% to 9% of control flow. These results have the effect of lowering the points in figure 5 , thereby bringing the data regression line closer to the theoretical line and increasing the likelihood that these vessels are the main resistance vessels or that all resistance vessels behave in the same manner as the measured small muscular pulmonary arteries.
